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There is a substantial amount of information
in the literature Which indicates that anionic
and cationie surfaetants penetrate the skin
poorly. Blank and Gould, using 0.14% sodium
lauryl sulfate solutions on excised human skin
in a static diffusion cell, showed that essentially
none of the surfaetant penetrated to the level
of the dermis when the pH of the sodium lauryl
sulfate solution was 7 or 9 (1). Under the same
conditions, sodium laurate did not penetrate ap-
preciably at pH 9—11, but measurable amounts
of the laurate could be found in the dermis when
the pH of the applied solution was 7 or 12—13.
Further work on human skin led Blank and
Gould to conclude that sodium alkyl sulfates
from C5 to C or an alkylarylsulfonate did not
penetrate the skin in measurable amounts un-
less the skin was first exposed to organic solvents
for several days before the measurements were
made (2). Additional studies with sodium lau-
rate in buffer solutions over a p11 range from
7.5—12 showed that the least penetration oc-
curred at pH 10 (3). Similar studies demon-
strated that eationie surfaetants also penetrated
the skin poorly unless the stratum corneum was
first modified by adhesive tape stripping, alkali
exposure, or solvent extraction (4). Bettley
found that 1% potassium palmitate (presumably
at pH 10) did penetrate excised human skin to
a small extent; however, this was during 7 days
of exposure (5). By use of autoradiographie
techniques and static diffusion cells, Choman
demonstrated that although 0.5% sodium lauryl
sulfate at pH 7.2 penetrates into the piloseba-
eeous apparatus of guinea pig skin, none of the
surfactant was found in the water in contact
with the dermal surface even after 24 hours (6).
A number of workers have studied the effect
of soap and surfaetants on the loss of water and
the penetration of non-surfaetant materials.
Bettley showed that 1—5% sodium soap, 5% po-
tassium palmitate, and 1% sodium alkyl sulfate
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increased water loss through human skin in
studies which extended several days. In contrast,
a pH 10 buffer solution did not increase water
loss through the skin during the same time pe-
riod (7). Bettley also showed that 1% soap so-
lution increased the penetration of sodium sa-
licylate, glucose, Nat, and K (5, 5). Other
studies demonstrated that sodium lauryl sulfate,
sodium dodeeylbenzenesulfonate, and eetyltri-
methylammonium bromide increased Na and
K penetration through human epidermis but
that Tween SO did not have this effect (9). On
the other hand, Skog showed that 1% soap and
1% alkylarylsulfonate did not enhance penetra-
tion of mercury dieyandiamide through guinea
pig skin (11). When Wahlberg used a high
HgCl2 concentration (0.24 M), at an acidic pH,
he found that 1% alkylarylsulfonate (pH 5.9)
and 1% "soap" (pH 5.0) solutions slightly in-
creased the penetration of Hg (12) through
guinea pig skin. On the other hand, the absorp-
tion of 0.00004 M or 0.24 M NaC1 was not dif-
ferent in water (pH 6.0) or 1% alkylarylsulfo-
nate (pH 9.5) (12).
To compare the permeability of various sur-
faetants with the permeability of other mate-
rials, it is desirable to calculate a permeability
constant for each. The literature contains per-
meability constants for a variety of materials,
or data from which they can be estimated. These
constants are presented in Table I and will be
considered further in the discussion.
It is commonly accepted by most investigators
that the stratum eorneum contains the principal
barrier to penetration. Seheuplein (13) now con-
siders the whole stratum corneum and not a
discrete zone or cell layer to be the barrier.
Tregear has shown that, of the small laboratory
animals, the permeability of guinea pig skin
most nearly approaches that of man. Both rat
and rabbit have considerably more permeable
skins (14).
In this report a method is described which is
sufficiently sensitive to monitor, at short time
intervals, the diffusion of compounds which
penetrate poorly through excised skin. The
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TABLE I
Permeability of the skin
penetration kinetics of an anionic surfactant, a
cationic surfactant, and a soap are reported as
well as their effects on the barrier properties of
guinea pig skin while they penetrate. The effects
of these surfactants on the penetration of nico-
tinic acid and thiourea are also reported.
METHODS
The methods employed in this study differ
sufficiently from previous methods to warrant
some description. Figure 1 shows, diagrammati
cafly, the "continuous flow" diffusion apparatus
which was used. It is similar to the cell recently
used by Blank (15). This cell allows for a precise
rate of flow of a solution under the skin (Krebs-
Ilenseleit mammalian Ringer Solution (16) in
these studies) and subsequent collection of
samples for any predetermined period of time.
The distinctive features are the very small volume
of the collecting chamber which minimizes dilution
of the diffusate and the variable flow rate which
allows collections of samples at intervals corn-
Material Concentration pH Type of skin Duration ofdiffusion
Permeability
constant (cm!
mm X 106)
Re-
ference
7.5
8.0
9.0
10.0
11,0
12.0
9—10
7.0
7—8.5
Water
Na Laurate
K Palmitate
K Oleate
K Laurate
K Octanoa
Thioglycollie acid
Na+, K, Br
Po4''
Hg
CrO4
Methanol
Ethanol
Butanol
Pentanol
Thiourea
Glycerol
Urea
Glucose
Ethyl iodide
Ethylene bromide
Tn-ethyl phosphate
Tri-n-propyl phosphate
Tri-n-butyl phosphate
5 mM
40 mM
560 mM
5.6 M
155 mM
40-80 mM
0,5 mM-4.9 M
2.5 mM—12.4 M
10—50 mM
100-200 mM
100-200 mM
10-50 mM
10-50 mM
10—SO mM
10—50 mM
10-50 mM
5.0mM
100%
3—30 mM
100%
100%
100%
Rabbit
Human
Human
Rabbit
Human
Pig
Rabbit
Guinea pig
Guinea pig
Rabbit
Rabbit dermis
Rabbit
Rabbit dermis
Human
Human
Rabbit
Rabbit dermis
Rabbit
Rabbit dermis
Rabbit
Rabbit dermis
Rabbit
Rabbit dermis
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Human
Rabbit
Human
12—23 hours
7 days
5—8 hours
5 hours
5 hours
1—2 hours
4—5 hours
1—2 hours
1-2 hours
1—2 hours
1—2 hours
1—2 hours
18—20 hours
18—20 hours
147
10
3.8
<1.0
<1.0
1.0
7.5
0.3
5.0
20.0
10.0
110.0
850.0
0.6—1.0
3.0-30.0
20.0—60.0
14.0-45.0
20.0—30.0
42.0
1960.0
44.0
1410.0
42.0
100.0
2.9
1110.0
3.9
910.0
2.4
1200.0
0.0
700.0
91.0
5.8
4.4
26.0
1.9
0.8
2.1
0.2
14
3
5
14
22
11
23
17
21
17
14
24
14
24
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CONTINUOUS FLOW DIFFUSION CELL
A Syringe-infusion pump
373
B Constant temp. water both
C Test solution
D Skin
E Neoprene ring
F Stainless screen support
G Stirring bar
H Continuous flow chamber
I Outlet tube
J Magnetic stirrer
K Collection tubes
FIG. 1. The "continuous flow" diffusion cell employed in permeability studies. Flow rate
of Ringer's solution 1.5 mI/hour; area of skin studied 2.83 cm2.
mensurate with the specific activity of the pene-
trant, the rate of diffusion, and changes which
occur in the diffusion process.
Young adult guinea pigs were prepared by
clipping the hair from their abdomens. The
animals were sacrificed, the abdominal skin was
excised, the subcutaneous fat removed, and the
skin placed in the diffusion cell. In every experi..
ment the abdominal skin was cut down the midline
and each half used for one diffusion cell.
Dermis was prepared by placing whole guinea
pig skin in water at 60°C. for 2 minutes, after
which the epidermis could be removed with for-
ceps. Sheets of guinea pig epidermis, sutiable for
diffusion studies, could not be prepared by this
method.
Diffusion studies were conducted by placing
1 ml of a 0.03 M solution of the radio-tagged pene-
trant (adjusted to pH 7) on the skin after it was
mounted in the chamber. The area of the skin
exposed to the solution was 2.83 cm2. Penetration
was monitored by radiochemieal analysis over a
20-hour period to determine the shape of the dif-
fusion curve and the steady-state rate of pene-
tratiori. Liquid scintillation counting was
routinely employed, using the Packard Tricarb
Scintillation Spectrometer, Model 4322.
Permeability constants were calculated by
methods similar to those employed by Treherne
(17) as follows:
In the steady state, the rate of diffusion is
expressed as follows:
= P X Co X A
(Rate = permeability constant X concentration
applied to the skin X area covered)
Q = the amount of material which has pene-
trated the skin (,.imoles)
P = the permeability constant (em/mm)
Co = concentration applied to the skin (-
moles/cm3) (The concentration in the
compartment below the skin is con-
sidered to be zero since new solution
is constantly being flowed over the
dermal surface).
A = area of the skin studied (cm2)
dQ/dl = rate of penetration (imoles/min) from
the slope of the cumulative curve
which expresses the amount which
has penetrated with respect to time.
The following compounds were used in these
penetration studies:
Sodium "coconut" soap (prepared by saponifi-
cation of coconut oil).
Sodium tetrapropylenebenzenesulfonate
(ABS-S33)'
1 Commercial usage of sodium tetrapropylene-
benzenesulfonate has been discontinued in favor
of the biodegradable alkylate sulfonate.
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FIG. 2. Penetration of ABS and DTAC through guinea pig skin. 1. ABS 0.03 M, pH = 7.
2. DTAC 0.03 M, pH =7.
Dodecyltrimethylammonium chloride
(DTAC-methyl-C'4)
Nicotinic acid (carboxyl-C'4)2
Thiourea (methyl-C'4)
The surf actants were synthesized in the Proctor
& Gamble Laboratories. The nicotinic acid was
obtained from the California Corporation for
Biochemical Research; the thiourea, from Trac-
erlabs, Inc.
RESULTS
The cumulative absorption curves for ABS
and DTAC are shown in Figure 2. Although
there are small differences in the absorption of
ABS and DTAC at the later time intervals,
both of these compounds penetrate the skin
rather slowly during the initial stages. For this
reason, it was necessary to employ concentra-
tions as high as 0.03 M so that the amount pen-
etrating in the early stages was enough to be de-
tected.
The most significant characteristic of these
diffusion curves is their non-linear shapes, which
show that the diffusion of these compounds con-
stantly increases with the duration of applica-
tion and thus indicate that the barrier proper-
ties of the skin diminish with respect to time.
The concept of a changing barrier in the skin
can be appreciated more fully by considering a
plot of permeability constants (calculated for
each 2-hour interval) for these surfactants.
While nicotinic acid was added to solutions,
subsequent neutralization to pH 7 would convert
virtually all of tbe acid to the dissociated (ionic)
salt (Na) form (pKa = 4.76).
These data, presented in Figure 3, demonstrate
that after an initial lag period, the permeability
of tbe skin increases with respect to time. This
means that the barrier to penetratioll of ABS
and DTAC decreases during the time the sur-
factant is in contact with the skin.
It was of interest to consider the location of
the principal barrier to the penetration of these
surfaetants by comparing their rates of pene-
tration through whole skin and dermis. The
data obtained for ABS are shown in Figure 4.
Penetration througb dermis is much greater than
through whole skin; for example, at 10 hours
the total penetration through dermis is 67 times
that found for whole skin. It should be noted
that after 6 hours a linear diffusion through the
dermis indicates that a steady state has been
established. This linearity suggests that the fac-
tors in whole skin which allow the penetration
of ABS to increase with time are to be found in
the epidermis.
The penetration, expressed as permeability
constants, of ABS, DTAC, and nicotinate in
whole skin and dermis are summarized in Table
II. It can be seen that the epidennal barrier to
DTAC changes with time of exposure, as in the
case of ABS. Nieotinate, on the other hand, usu-
ally shows a linear diffusion after an initial lag
time. The penetration through the dermis by
each material was much higher than that
through whole skin, showing that the prineipaT
barrier resides in the epidermis.
If the non-linear diffusion illustrated in Fig-
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FIG. 3. Permeability of guinea pig skin to ABS and DTAC as a function of the time of
skin; surfaetant contact. Permeability of: 1. ABS 0.03 M, pH = 7. 2. IDTAC 0.03 M, pH = 7.
FIG. 4. Penetration of 0.03 M ABS, pH 7.0, through guinea pig skin and dermis (epider-
mis removed). 1. Dermis. 2. Whole Skin.
ures 2 and 3 is the result of a specific change in
the permeability of the epidermis, it should also
be observed for penetration of other compounds
monitored in the presence of these surfactants.
Figure 5 represents experiments in which the
penetration of nicotinate was monitored alone
(control), in the presence of 1% ABS (0.03 M),
1% coconut soap, and after a 1- or 3-hour pre-
treatment with 0.5% ABS. In the latter two
cases, the ABS was removed and the skin was
rinsed before the nicotinate was placed on the
skin.
Nieotinate, in contrast to the surfactants, nsu-
ally has a linear penetration curve (curve 5).
However, when nicotinate is placed in solution
with ABS, its penetration becomes non-linear
(curve 1) and exhibits a change in rate similar
to that of ABS itself (Figure 2), although the
actual rates of penetration are different. Pene-
tration of nicotinate in the soap solution (curve
2) was non-linear, showing that soap also pro-
gressively alters the epidermal barrier. A 0.5%
solution of ABS placed on the skin for 1 hour
and then removed does not alter the skin barrier
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TABLE II
The permeability of guinea pig skin and dermis to ABS, DrAG, and nicotinate
Compound
Average permeability constants, cm/mm X 1O6 Ratios
Whole skin Dermis Dermis /whole skin
2—5 hours 10—15 hours 2—15 hours 2—8 hours 10—15 hours
ABS
DTAC
Nicotinate
0.4 0.1
0.2
3.2 0.4
2.6 1.1
0.4
6.0 1.4
190
300
610
475
1500
190
73
750
102
HOURS
Fie. 5. Penetration of nicotinate through guinea pig skin under the following conditions:
1. 0.03 M nicotinate in 1.0% ABS; pH 7. 2. 0.03 M nicotinate in 1.0% coconut soap; pH 7.
3. 0.03 M nicotinate after 3-hour skin pretreatment with 0.5% ABS; pH 7. 4. 0.03 M
nicotinate after 1-hour skin pretreatment with 0.5% ABS; pH 7. 5. 0.03 M nieotinate (con-
trol); pH7.
penetration of nicotinate (curve 4). However,
when the 0.5% ABS solution is kept in contact
with the skin for 3 hours, the barrier to nico-
tinate is reduced (curve 3). It is important to
note that in the absence of ABS, but after ABS
pretreatment, the nicotinate diffusion is linear.
Thiourea, like nicotinate, also exhibits a linear
diffusion curve (curve 1, Figure 6) through un-
treated skin. In the presence of 2% ABS, how-
ever, the rate increases with time (curve 2,
Figure 6).
DISCUSSION
The data in this paper confirm findings by
Blank et al. (1—4, 18) that the whole skin is a
very effective barrier to the penetration of sur-
factants. Even at the high concentration used,
0.03 M (1%), no detectable amount of sur-
factant passed through the skin for the first 2
hours. After 4 hours, however, the surfactant
could be measured readily on the dermal side of
the skin. The amount penetrating continually
increased with time thereafter. It should be re-
called that Blank, using human skin and 0.005 M
solutions (about 0.14%), did not find measurable
penetration of sodium lauryl sulfate at pH 7 or
of sodium laurate at pH 10.
The non-linearity of the diffusion curves of
ABS, soap, and DTAC is interpreted to mean
that the barrier to these surfactants is being al-
tered by the surfactants themselves as they dif-
fuse into and through the skin. Decrease in the
barrier properties allows an increased diffusion,
which in turn results in a greater alteration of
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Pio. 6. Penetration of thiourea through guinea pig skin under the following conditions:
1. 0.03 M thiourea (control); pH 7.2. 0.03 M thiourea in 2.0% ABS; pH 7.
the barrier. Removal of the surfactant causes
the process to stop at the stage of barrier alter-
ation to which it had progressed. It would he
expected that repair of the barrier function
would occur under most conditions in vivo, but
repair would not be expected under the condi-
tions of these in vitro experiments. These ex-
periments show that in some instances, as with
these surfactants, duration of contact with the
skin and concentration of the penetrant both
play an important role in determining the rate
of diffusion through skin. Tregear showed that
the permeability constant of thioglyeollie acid
is dependent on concentration (14) and prob-
ably on time of contact as well. In true steady-
state diffusion such as with nicotinate and thio-
urea, permeability constants are independent of
concentration and duration of the experiment. A
non-linear diffusion rate means that an inter-
action is occurring between the diffusate and the
material which constitutes the barrier.
Permeability constants for sodium laurate at
pH 10 could not be calculated from Blank's
data (not enough material had penetrated), al-
though values from 4—10 x 10' em/mm were
found at higher and lower pH values. Bettley
reported potassium palmitate (0.04 M, pH 9—10)
to have a permeability constant of 0.3 x 10-a
cm/mm. We have found an average permeabil-
ity constant for ABS over the 2—S hour period
of 0.4 >< 10-a em/mm and 2.6 x 10' em/mm in
the 10—15 hour period. DTAU values were 0.2 X
io-' cm/mm at 2—S hours and 0.4 x 10° em/mm
at 10—15 hours. In contrast to these low values,
high permeability constants were found for
these surfactants in the dermis: 190—300 >< 1oa
em/mm. If one were to extend the experiments
with whole skin to longer times, the permeability
constants would possibly approach those for the
dermis.
The fact that coconut soap, ABS, and DTAC
all have a similar effect on the barrier properties
of the epidermis shows that this is not a specific
response to a single type of surfactant. It is im-
likely that such alteration of the barrier will
be found to be caused by surfaetant materials
only. In fact, certain solvents have been shown
to alter skin permeability considerably (2, 4,
19, 20). The exaggerated conditions employed in
these studies were used to illustrate the changes
which can occur in skin exposed to a surfactant.
The extended time required for first appearance
of surfaetant on the dermal side supports the
well-established fact that under normal use
most surfactants have little or no effect on skin.
The use of indicator substances to determine
the effect of pretreatment with the vehicle on
skin permeability is not new. Bettley showed
that potassium oleate, potassium palmitate, a
commercial toilet soap, sodium alkyl sulfate, so-
dium dodeeylbenzenesulfonate, and cetyltrimeth-
ylammonium bromide increased the penetration
(2),
2 4 6
(I)
HOURS
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of water, Na, K, glucose or salicylate, while
Tween 80 did not affect penetration of these ma-
terials (7, 8, 9). Both nicotinate and thiourea,
which were used in the present studies, exhibit
essentially linear diffusion in normal, untreated
skin. When these radio-tagged indicators were
studied in surfactant solution, the shapes of the
diffusion cnrves were observed to be similar to
those exhibited by the surfactants themselves.
In other words, the surfactant alters the barrier
of the skin so that the indicator is better able to
penetrate. The great similarity of the curves
(compare Curve 1, Figure 2 with Curve 1, Fig-
ure 5) would indicate that the same barrier
function exists for nicotinatc as for ABS.
To show that the barrier in the epidermis is
continuously acted upon by the surfactant, the
skin was pretreated for 1 and 3 hours with
0.5% ABS. After the surfactant was removed,
the nicotinate indicator was applied. One hour
of treatment with 0.5% ABS did not alter the
rate of nicotinate diffusion. This could have
been predicted from the ABS diffusion curve
(Figure 2). By three hours, however, the bar-
rier to ABS and nicotinate was altered so that
the nicotinate diffused more rapidly, but still
linearly.
The permeability constant for the nicotinate
was increased from 7 to 20 x 10' cm/mm. The
fact that a linear diffusion curve was found
shows that the barrier was affected by the ABS
only during the 3-hour pretreatment and that
there was no restoration of the nicotinatc bar-
rier at least for the duration of the diffusion ex-
periment (20 hours). In contrast to this obser-
vation, Bettlcy and Donoghuc (7) reported that
the effect of soap on the water barrier is rever-
sible and that the greatly increased water per-
meability of excised skin in contact with soap
solutions returns to normal in a few days when
the soap solution is replaced with water.
The references cited in the introduction and
the information in Table I show that most co-
valent materials of low or intermediate molecu-
lar weight (27—400) have permeability constants
between 1 and 100 x 10° cm/mm. This applies
also to inorganic ions such as Nat, HC, Br,
POP and CrOt. The permeability constants of
soap, ABS, and DTAC cannot be simply ex-
pressed because they depend on the concentra-
tion and the time of exposure to the skin, and
perhaps on other factors. True steady state dif-
fusion is not established because of the contin-
uing interaction with the skin. Thus, at 2 hours,
values less than 0.1 x 10° cm/mm arc found,
while at 20 hours, values from 6—12 x 10
cm/mm are common. The upper limit for per-
meability of such surfactants through whole skin
theoretically would approach the value for der-
mis, 500—600 x 10° cm/mm.
Any material which can combine with or dis-
solve in the structures of substances which make
up the barrier may have the propensity to alter
the properties of this barrier to the diffusion of
other materials. Blank and Scheuplein discuss
some aspects of this problem in a recent publi-
cation (21).
SUMMARY
A "continuous flow" diffusion cell is described
for the determination of penetration rates
through excised guinea pig skin which permits
kinctic measurements of skin permeability to be
made. Interactions between pcnctrant and skin,
as shown in a subtle alteration of the skin's bar-
rier properties, can be stndicd using this tech-
nique.
Soap, alkylbcnzenc sulfonate (ABS), and do-
decyltrimethylammonuim chloride (DTAC) at
1% concentrations alter skin permeability as
they diffuse into and through the skin. Initial
(2—S hour) permeability constants for ABS and
DTAC were found to be 0.4 and 02 x 10° cm/
mm. By 10—15 hours these had increased to 2.6
and 0.4 x 10° cm/mm. When the epidermis was
removed, the permeability constants for ABS
and DTAC through the dermis were 190 and
300 x io° cm/mm, respectively.
The "steady state" permeability constants for
nicotinate and thiourca were 6.0 and 11.4 X 10
cm/mm, respectively. The permeability con-
stants for these two compounds changed very
little with time following the initial lag time.
The dermal permeability constant for nico-
tinate was 610 x 10° cm/mm.
When nicotinate and thiourca were placed in
soap, ABS, or DTAC solution, they no longer
showed linear diffusion but reflected the in-
creasing rate with time shown by the surfactants
themselves. Thus, alteration of the barrier caused
by the soap and surfactants can be followed
readily with radio-tagged indicators such as
nicotinate and thiourea.
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